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A MODIFIED VERSION OF THE ALLENTOWN 
CITY INPUT-OUTPUT MODELING SYSTEM 
Edward L. StammerJohn 
ABSTRACT 
Input-output analysis is a method for modeling the 
economy of a region.  This method uses the values of trans- 
actions to represent the economy.  A modified version of 
the Allentown City Input-Output Modeling System (ACIOMS) 
is used for this thesis.  ACIOMS starts with a national 
input-output model.  It uses local values for population 
and per capita income to derive an approximate local model. 
ACIOMS is limited to a set of industrial sectors which is 
determined by the available data. 
NewPro is the modified version of ACIOMS which is used 
in this thesis.  There is one major difference between 
NewPro and ACIOMS.  ACIOMS is limited to regions within a 
single state.  NewPro can study regions in two or more 
states. 
NewPro results are compared with those of another study 
of the Philadelphia SMSA.  The NewPro model seems to give 
a fair approximation of the economy of the Philadelphia area. 
The output multiplier gives the increase in total spending 
resulting from an increase in final demand.  NewPro over- 
estimates the output multipliers by 0.26 on the average, 
1 
for the 21 sector model.  The standard deviation is 0.25 
in this case.  For a 16 sector model which is studied, the 
output multiplier is overestimated by 0.20 on the average. 
The standard deviation is 0.18.  The Philadelphia study is 
assumed to be reality for purposes of these estimates. 
The NewPro approximation for certain local sectors is 
much worse than for others.  The NewPro approximation for 
local sectors is bad for those sectors in which the local 
sector is not similar to the national sector.  The NewPro 
model can be improved greatly when the local sectors which 
are not like the national sectors can be identified.  These 
sectors can either be removed from the model or modelled 
by some other method. 
An impact analysis is done in the Philadelphia study. 
There seems to be no relation between these results and a 
similar analysis done by NewPro for the same area.  Cor- 
relations were observed when the Philadelphia study is re- 
aggregated into the 21 NewPro sectors. 
CHAPTER 1 
INTRODUCTION 
The purpose of this thesis is twofold.  The first 
goal is to modify the Allentown City Input-Output Modeling 
System (ACIOMS)    in order to permit the study of regions 
which lie in two or more states.  The second object is to 
compare the results produced by the model for one such 
study area with the results of a study which was conducted 
previously. 
1.1  ACIOMS; An Input-Output Modeling System Using Sec- 
ondary Data Sources 
An input-output model is an economic tool used to 
study the relations between different industries.  In 
order to construct an input-output model, it is necessary 
to define the region which the model would represent. 
Then, the industries within the region may be grouped into 
industrial sectors.  All industries of a given type in the 
specified region would be included in a given industrial 
sector.  In a detailed study, an industrial sector may re- 
fer to a small group of firms producing a similar product. 
In a less detailed study, the sector may refer to all in- 
dustries which produce a broad group of related products. 
Similarly, the region under consideration could be the 
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world, a nation, or a metropolitan area.  This, too, de- 
pends on the study. 
As soon as the region and the sectors under consid- 
eration have been defined, matrices can be constructed to 
show the flow of products and value through the economy. 
A transaction matrix shows the value of all sales by pro- 
ducing sectors and by purchasing sectors. In addition, a 
vector called total gross output gives the total value of 
all production by industrial sectors.  This matrix and 
this vector represent the flow of value through the economy. 
(2) 
Miernyk   gives a good introduction to input-output 
analysis. 
ACIOMS uses secondary data sources to construct the 
model.  The system uses indirect data, such as employment, 
to approximate total gross output and the transaction 
matrix.  The alternative would be to use a census or a 
survey to determine the value of output and transactions 
between sectors. 
1.2 Modification; A Multi-State Model 
In preparing this thesis, ACIOMS has been modified. 
The modified version is called NewPro.  It can model re- 
gions which exist in two or more states.  The basic ver- 
sion of ACIOMS analyzes regions which are composed of a 
number of counties, or sub-county districts, within a 
single state.  NewPro repeats this process for each state 
in which a part of the region lies.  Then, the matrices 
for the different parts of the region are summed. 
This modification is useful in studying regions which 
cross state lines.  Standard Metropolitan Statistical 
Areas (SMSA's) are defined by the U.S. Bureau of the 
Census.  It is convenient to use these in studying metro- 
politan areas.  According to the 1970 Census of Popula- 
(3) tion,  ' in 1970 there were 243 SMSA's in the United 
States.  Of this number, 30 existed in two or three states. 
1.3  Testing the Model:  Comparison with Another Study 
The modification of the model had to be tested.  It 
appeared that this could be done by comparing the model 
produced by the system with another model representing 
the same area.  The NewPro model was compared with a model 
which used survey data to derive the transaction matrix 
and the total gross output.  The study chosen as a compar- 
(4 5) ison was a study of the Philadelphia SMSA, Pa.-N.J. '   ' 
The two state area provides testing for the modification. 
However, to a large extent the test was of the whole model 
rather than the modification. 
CHAPTER 2 
INPUT-OUTPUT ANALYSIS, AND HOW ACIOMS USES IT 
Before the modifications made to ACIOMS are examined, 
it is useful to explain how input-output analysis works. 
This chapter is devoted to two main topics.  The first is 
a brief review of input-output analysis generally.  The 
second is the method ACIOMS uses to develop an input- 
output model from secondary data sources. 
The version of ACIOMS used here is that developed for 
the City of Allentown, Pa. in 1976. '-1-'  This uses essen- 
(f>   7) 
tially the same method used in the study by Stipe.  ' 
The first step in building an input-output model is 
to define a region and industrial sectors.  The region is 
the geographical area which is to be modeled.  The indus- 
trial sectors are sets of industries which are to be treat- 
ed as units.  Once these are defined, the transaction ma- 
trix can be developed. 
2.1  The Transaction Matrix 
The transaction matrix is the matrix from which all 
the other matrices used in input-output analysis are de- 
rived.  An element of the transaction matrix, x-., is de- 
fined to be the dollar value of goods which are produced 
by sector i and purchased by sector j.  All transactions 
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produced by a given sector form a row of the matrix.  All 
transactions purchased by a given sector form a column of 
the matrix.  The element is defined if sectors i and j are 
both endogenous sectors. 
An endogenous sector is a sector for which the levels 
of sales and purchases are determined by the model and 
the exogenous sectors.  In endogenous sectors, sales must 
equal-purchases.  An exogenous sector is a sector for 
which purchases cannot be determined by the input-output 
model.  Purchases by exogenous sectors are final demand. 
Sales made by exogenous sectors are determined by the 
model.  These are the final payment sectors, which are 
also known as the value added sectors.  As far as the 
model is concerned, it is not necessary for the sales of 
an exogenous sector to equal purchases. 
The final demand for a product is defined to be the 
demand for the product from any source other than the en- 
dogenous sectors.  The final demand for the product of 
sector i is represented by f..  Final demand may be divid- 
ed into categories.  The categories represent where the 
final product is used.  For instance, the final demand 
might be divided into final demand exported, final demand 
by governments, and final demand by households.  Symbolic- 
ally, this can be represented by f...  The subscript i in- 
dicates the producing sector.  The subscript j indicates 
the category of final demand. 
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Value added is that part of the value of a product 
which is not derived from purchases from endogenous sec- 
tors.  The total value added to sector i is v..  As with 
final demand, value added may be divided into categories. 
The value added to sector j by category i is v...  Im- 
ports are one value added category. 
The total gross output of sector  i, x. , is the total 
value of the product produced by sector i.  It is equal to 
the total gross outlay of sector i, which is the total 
money spent by sector i.  Total gross output and total 
gross outlay are related to the transaction matrix, final 
demand, and value added by equation 1. 
x. = E.x.. + Z.f. . = E, x, . + I  v .,  all i      (1) 1    ] i]    1 ll   k ki   m mi 
In this equation, the middle expression represents total 
gross output, and the final expression represents total 
gross outlay.  The indices i, j, and k indicate the indus- 
trial sectors.  The index 1 represents the category of 
final demand under consideration.  The index m represents 
the value added category under consideration. 
2.2 The Technical Coefficient Matrix 
The direct coefficient matrix, or technical coeffi- 
cient matrix, shows how an average dollar is spent by each 
industrial sector.  The direct coefficient matrix is a 
square matrix.  It shows how an average dollar spent by an 
industrial sector is divided among the industrial sectors. 
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The value added coefficients show what part of an average 
dollar spent by an industrial sector goes to each value 
added category.  Together, these coefficients represent a 
single step in the flow of a dollar through the economy. 
The direct coefficient matrix is defined by equation 
2. 
a.. = x../x.    all i,j (2) 
13    2.3     3 
The indices indicate the industrial sectors.  The matrix 
notation for the direct coefficient matrix is "A."  The 
transaction matrix and total gross output have previously 
been defined. 
The value added coefficients are defined by equation 
3. 
w.. + v../x.      all i,j (3) 
ID    1: 3 J 
The index i refers to the category of value added.  The 
index j refers to the industrial sector.  An appendix is 
included with this thesis which contains the definitions 
for symbols used in this text. 
2.3  The Leontief Inverse Matrix 
Once the direct coefficient matrix has been found, it 
may be used to find the direct impact of a change in de- 
mand, or it may be used to find the direct impact of a new 
level of demand.  Let f be a column vector which gives the 
final demand for all endogenous sectors.  Let s be the 
vector indicating the sales made by each sector in order 
to fill the final demand f_.  It is clear that 
So = f-' (4) 
so that all demand is filled. 
In order to be able to meet all sales, _s , the indus- 
trial sectors must increase their demand from other indus- 
trial sectors.  This increase in demand is given by 
d^ = AsQ (5) 
where A is the direct coefficient matrix defined in the 
last section, and d  is the increase in demand.  It is an 
assumption of all input-output models that any change in 
the money spent by one sector is distributed among the 
other sectors as indicated by the direct coefficient ma- 
trix.  See section 2.6 for a discussion of this assump- 
tion. 
By continuing the process of equations 4 and 5 the 
following sequence of equations is found. 
s=d n = 1, 2, . . .    (6) 
—n  —n 
d ,_ = As n = 0,1,2,...  (7) 
—n+1   —n 
Let dn = f.  Combining equations 6 and 7 gives equation 8 
-0   - 
d ., = Ad n = 0,1,2,. . .  (8) 
—n+1   —n 
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Let d be the total demand resulting from a final de- 
mand of f.  This is given by equation 9. 
* = *»-<A. (9) 
It is possible to approximate this total demand by 
* * 
Zn=0 V <10> 
where m is chosen so that d ,n   is small. 
-m+1 
Another way to obtain the total demand is by the 
Leontief inverse matrix. Combining equations 8 and 9 
gives equation 11. 
d=(I^=0An)f (11) 
Here, f has been substituted for d_, and A  is equal to 
I, the identity matrix.  Equation 11 reduces to 
d = (I-A)_1f. (12) 
Equation 13 defines the Leontief inverse matrix, L. 
L = (I-A)"1 (13) 
When f is the total final demand, Lf_ will be the total 
gross output.  If f' is a component of final demand, Lf' 
is the part of total gross output related to that part of 
final demand. 
Note that in the discussion in this section, f=d_ 
could be taken to be a change in final demand.  In this 
11 
case, the expression Lf will give the change in total 
gross output.  See Miernyk for a more detailed introduc- 
(2) 
tion to input-output analysis. 
2.4  Endogenous and Exogenous Sectors 
When constructing an input-output model, the economy 
must be divided into endogenous sectors and exogenous 
sectors.  Endogenous sectors are those for which levels of 
demand and production are derived.  For exogenous sectors, 
demand levels must be assumed. 
If there is a change in the demand for the product of 
an endogenous sector, that demand will be passed on to the 
other sectors.  The final payments, the value added sec- 
tors, are endogenous in the sense that the level of pay- 
ments is determined by the final demand.  However, as the 
name implies, the final payment sectors do not pass on any 
demand to other sectors.  The endogenous sectors, with the 
exception of the final payment sectors are included in 
the matrices X, A, and L.  The technical coefficient ma- 
trix, A, represents one step in the process of passing on 
demand.  The Leontief inverse matrix, L, represents the 
total production resulting from this process. 
Products which are produced by the endogenous sectors 
and used by the exogenous sectors are considered by the 
model to be final demand.  In the model used by ACIOMS, 
there are five final demand sectors.  These are: 
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(1) personal consumption, which is demand by 
households; 
(2) demand by the federal government; 
(3) demand by state and local governments; 
(4) capital consumption, which is demand for 
new capital investments; and 
(5) exports, which is any demand for goods 
outside the region under study. 
There are four final payment sectors in ACIOMS.  Only 
the first three are usually called value added sectors. 
The four sectors are: 
(1) employee compensation, or wages; 
(2) business taxes; 
(3) capital compensation, which is return 
on capital investment; and 
(4) imports. 
2.5 The Derivation of the Local Transaction Matrices From 
Secondary Data. 
In ACIOMS, the derivation of both the technical co- 
efficient matrix and the Leontief inverse matrix is per- 
formed for two different regions.  The first region is 
the United States as a whole.  The other is the local 
area.  This is called the study area.  The transaction 
matrix for the United States is given.  That for the study 
area is derived. 
In ACIOMS, the study area is defined to be a collec- 
tion of counties, or certain sub-county districts, within 
a single state.  In NewPro, a study area can exist in two 
or more states.  In both cases, employment data from the 
Census of Population is used to estimate the total gross 
output for the study area.  The estimate is called "total 
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gross output available."  The method of obtaining this 
estimate is discussed in section 3.1. 
Total gross output available is the production by a 
given sector in the study area.  It is available for use 
by other sectors, for final demand, and for export.  Total 
gross output available is used to find the transactions 
required matrix. 
The transactions required matrix is the matrix of 
the purchases which must be made by the industrial sectors 
in order to produce the total gross output available.  It 
is assumed that the United States technical coefficients 
apply to the local area.  A second assumption is that the 
purchases made may either come from inside the study, or 
come from outside the study area.  The equation for the 
transactions required matrix is given by equation 14. 
x,. = x.a.      i,j=l, ,n        (14) 
Here, x.. is the transactions required matrix, x. is the 
13" 3 
total gross output available, and a.. is the United States 
technical coefficient matrix. 
The total gross output required is the total amount 
of product of a sector which is needed to produce the 
total gross output available for all sectors.  Total gross 
output required is given by 
x. = Z .x. . + f. all i (15) l    j   13    1 
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where x. is the total gross output required and f. is the 
final demand used by the local area.  This includes the 
part of final demand which will be imported, but it does 
not include exports.  The method of estimating final de- 
mand will be discussed in section 3.1. 
The transactions available matrix is the estimate of 
those transactions which are internal to the local area. 
It is assumed that all purchases will be made from the 
study area where that is possible.  Another assumption is 
that the total gross output available will be used by all 
sectors in proportion to the demand.  Total gross output 
available is given by equation 16. 
x.. = x..-min (l,x./x. )     i,j=l,...,n       (16) 
When x. is greater than x., the area will export 
goods from sector i.  Exports are given by 
e. = max(x.-x., 0)     i=l,...,n (17) 
where the index, i, varies over all industrial sectors. 
The total final demand, including exports, is given by 
equation 13. 
f. = f. + e, i = l,...,n       (18) ill 
When x. is less than x., the goods produced by 
sector  i must be imported.  Equation 19 gives the import 
matrix. 
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m. .  = x. . - x. . 
ID     13    ID 
i, j=l,...,n   (19) 
The part of final demand supplied by local production is 
f ! = f . • (x./x. ) 
1    111 
i=l,...,n, (20) 
The imported final demand is 
f*=f.-f! 
1  1 
J-     j- f  • • • f XI • (21) 
The import row is 
m. = £ . ,m.. 
D    1=1 ID 
j=l,...,n. (22) 
In the case where x.=x. for all sectors, the study area 
11 J 
is a closed system. 
2.6  Choosing the Sectors 
In an input-output model, the economy of a region is 
divided into sectors.  Ideally, a sector would represent 
an industry producing a single product by a single process. 
There are problems with this idealization.  First, there 
may be several methods of producing a product.  Second, an 
industry may not want to divulge detailed information on 
the process of making a product.  Third, the size of a 
transaction matrix increases with the square of the number 
of sectors in the model.  A detailed matrix could easily 
be too large to be used easily. 
There are two ways in which data for an input-output 
model can be collected.  The first is by collecting primary 
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data.  In this case, surveys are carried out to develop 
the total gross output and the transaction matrix for the 
area.  This has the advantage that the data are more rep- 
resentative of the local economy.  Also, a sectoring scheme 
can be chosen which meets local needs.  A disadvantage is 
that the surveys are expensive. 
The second method of collecting data is to use exist- 
ing secondary sources of data.  The method involves taking 
data from published sources, such as census data, and ap- 
proximating the transaction matrix from these data.  As it 
is used by ACIOMS, the used data comes from census data 
(3) for employment by counties    and from an existing U.S. 
transaction matrix. 
The advantages of this procedure are that it is inex- 
pensive and relatively easy to obtain data.  For instance, 
with the ACIOMS model it is possible to observe a study 
area consisting of any set of counties in Pennsylvania. 
The use of secondary data determines the sectoring scheme 
to a large extent.  In ACIOMS, the 87 industrial sectors 
used in the U.S. transaction matrix and the 39 employment 
sectors used in the census data have been aggregated into 
21 study area sectors.  Table 1 shows the names of the 21 
sectors, their abbreviations, and the way they were ag- 
gregated from the secondary data. 
A disadvantage of this procedure is that it assumes 
that the local sector is similar to the national sector, 
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No. of Sector Name 
Abbr. 87 Sector Nos.   39 Nos.  1967 SIC Codes  
1 Agriculture and Mining      1,2     01,07-14 (except 0713) 
AGRI+MININ 1-10 
2 Construction 
CNSTRCTION 11-12 3        15-17 
3 Furniture, Lumber, and Wood Products 
WOODPRODTS 20-23 4        24-25 
4 Metal Industries 
METALPRDTS 13,37-42 5        19, 33-34 
5 Machinery except Electrical 
MCHNXCEPTE 43-52 6        35 
6 Electrical Machinery, Equipment, and Supplies 
ELECTMCHNE 53-58 7        36 
7 Transportation Equipment 
TRANSEQUIP 59-61 8        37 
8 Other Durable Goods 
OTHRDURGDS 35-36, 62-64        9        32, 38-39 
9 Food and Kindred Products 
FOODPRDTS 14 10       0713, 20 
10 Textiles and Fabricated Textile Products 
TXTLEPRDTS 16-19 11       22-23 
11 Printing, Publishing and Allied Industries 
PRINTPRDTS 26 12       27 
12 Chemicals and Allied Products 
CHMCLPRDTS 27-30 13       28 
13 Other Non-Durable Goods 
NONDURGOOD 15, 24, 25, 31-34   14       21, 26, 29-31 
14 Transportation and Warehouse Services 
TRNSWHSESR 65 15-17    40-42, 44-47 
Table 1 - Names, Abbreviations, and Aggregation Schemes for the 
NewPro Sectors 
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No. Sector Name 
Abbr. 87 Sector Nos. 39 Nos.  1967 SIC Codes  
15 Communications 
COMMUNICAT 66-67 18       48 
16 Utilities and Sanitary Services 
UTLITSANSR 68 19       49 
17 Wholesale and Retail Trade 
WLERETTRAD 69 20-25    50, 52-59 
18 Finance, Insurance, and Real Estate 
FBRSERVICE 70-71, 73, 75       26-28    60-67, 73, 75-76 
19 Medical and Educational Services, and Non-Profit Organizations 
MDEDNONPFT 77 32-38    0722, 7361, 80, 82, 86,8921 
20 Other Personal Services 
OTHRPERSER 72 30       70-72 
21 Entertainment and Recreational Services 
RECSERVICE 76 31        78-79 
The headings "87 Sector Nos." and "39 Nos." indicate the aggregation 
schemes for the 87 sector set and the 39 sector set respectively. 
The SIC codes listed are those which are used for aggregating total 
gross outputs for this study. 
Sources: 
Stipe, Sterling Henry, Jr., A Proposal and Evaluation of a 
Regional Input-Output Modeling System, Michigan State 
University, 1975 
Census of Population, General Social and Economic Character- 
istics, 1970 
Table 1 - Names, Abbreviations, and Aggregation Schemes for the 
NewPro Sectors (Part 2) 
19 
except for size.  This is a problem if the relative im- 
portance of the industries within a local -sector is dif- 
ferent from that of the national sector, or if the process 
used locally for making the sector's product is different 
from that generally used in the nation. 
2.7  Household Sectors 
In ACIOMS, as in many input-output models, the house- 
hold sector is handled both as an endogenous sector and as 
an exogenous sector.  At first, it is handled exogenously. 
Personal consumption is final demand.  Employee compensa- 
tion is a final payment.  Then, the personal consumption 
column and the employee compensation row are brought into 
the transaction matrix as the household sector.  Details 
(2) 
on how this is done are shown in Miernyk. 
When the model considers a final demand change, house- 
holds are external.  However, the effect of increased in- 
come to households is included as in iterative procedure. 
The procedure used is similar to that iterative procedure 
which can be used for finding the change in total gross 
output using direct coefficients. 
20 
CHAPTER 3 
MODIFICATIONS 
In this chapter, modifications made to ACIOMS for 
the development of NewPro are discussed.  The most impor- 
tant modification that has been made is the change from a 
one state model to a multi-state model.  Some other modi- 
fications were made in the way the program works.  These 
will be discussed briefly.  Please check with the Lehigh 
University Computer Center Library on the availability of 
"NewPro: A Multi-state Input-Output Modeling System." 
3.1  The Multi-State Model 
As mentioned above, ACIOMS derives the local transac- 
tion matrix from the national technical coefficient matrix 
and the local total gross output available.  In order to 
modify ACIOMS so that it could consider regions in more 
than one state, the methods of deriving study area final 
demand and total gross output were modified. 
Final demand for the study area is the sum of three 
components.  It is defined by equation 1. 
f = p + o + e (1) 
Here, f is the total final demand, p is the personal con- 
sumption, e is exports, and o is the other part of final 
demand.  This other part of final demand results from gov- 
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ernment purchases and capital consumption. 
Personal consumption levels are available for states 
g (p ).  It is necessary to derive personal consumption 
values for the study area (p).  It is assumed that per- 
sonal consumption for the area is proportional to the total 
income for that region.  Per capita income (PCI) and popu- 
lation (Pop) values are available for the state and for 
all counties within the states.  Equation 2 gives the 
formula for study area personal consumption.  The super- 
scripts s and c indicate state and county, respectively. 
_  s 
pi ~ pi(E.PopcPCIC)/(PopSPCIS)   i = 1, ,n  (2) 
The subscript i refers to any of the n industrial sectors. 
The subscript j refers to any county in the study area. 
The summation is over all the counties in the study area. 
In NewPro, the study area may be in two or more 
states.  Let p.. be the personal consumption for the ith 
IK 
industrial sector for the part of the study area in the 
ktn state. The personal consumption for the part of the 
study area in any state is 
s /r,^  c ^^Tc v , ,„  s„„Ts. P ik = pik(EPopikPCIik)/(PopkPCIk)   i = lf *n,all k.(3) j e SA    J 
here, the subscript k represents the kth state.  The per- 
sonal consumption for the study area is obviously the sum 
of the personal consumption for the components of the study 
area. 
p. = E p. i = 1,. . . . ,n  (4) i   k  IK 
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Tne equation for the personal consumption for the study 
area is 
p± = £pjk(£   Pop^kPCI^k)/(Pop^PCI^) i=l, ,n. (5) 
k    jeSA   J    J 
The government and capital consumption final demand 
is composed of three classes of final demand.  The first 
g 
is the demand by the federal government, g., .     The second 
J. JC 
5 
is the demand by the state and local governments, s., . 
g 
The third is capital consumption, c, .  In these symbols, IK 
the subscript i refers to the industrial sectors.  The 
subscript k refers to the state.  Let Emp.., refer to the 
employment in the ith industrial sector in the jth county 
g 
of the kth state.  Let Emp., refer to the statewide em- 
ployment for the ith industrial sector in the kth state. 
Government and capital consumption final demand for the 
study area is 
°i = (gL + SL + cik) (E ^Pijk)/EmpL i=ir*-:'?   iV jeSA J       k = the state the 
study area is 
in 
The total gross output is similarly defined. 
x. = x.(z Emp..,)/Emp.    i=l, ,n    (7) 
jeSA J k - the state the 
study area is in 
Here, the superscript u refers to employment or total 
gross output for the nation.  The method of redefining 
these values is similar to that for personal consumption. 
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o. = lo.. 1=1,.,. . ,n       (8) 
1   , lk k 
x. = Ix., i=l,....,n       (9) 
I   , lk k 
mo. 
°ik=(gik+sik+cik) (Z Empiik)/Empik    i=1, 'n; a11 K(10) jeSA 
x.v=x. (I Emp. ., )/Emp. i=l,....,n; all k (11) IK  1  .  _,   1 ~l K. 1 jeSA  J
°i^<9ik+sL+cik)(z frt^^t (i2> 
x.=(x./Empi)II  Emp... i=l,....,n       (13) 
11
      k jeSA 13K 
3.2  Other Modifications 
In preparing the program for use, certain additional 
programming modifications were made.  They are not essen- 
tial to the thesis.  These changes were made as a matter 
of convenience. 
The first modification has to do with exports.  Unlike 
the other components of final demand, exports are not de- 
rived from state or national values.  Such a procedure 
for deriving exports would be impractical.  It would give 
only the study area's share of goods exported out of the 
state or nation, depending on the original definition.of 
exports.  The desired value is that of goods exported from 
the study area into the rest of the state, the rest of the 
nation, and the rest of the world. 
ACIOMS assume that the area will export goods only 
after the local requirements are filled.  The assumed 
value of exports is 
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e. = max(x.-x.,0) i=l,....,n      (14) 
1       11 
As will be mentioned later, there is reason to question 
the assumption that an arbitrary study area will use local 
resources as much as possible. 
The change in the method of calculating exports is 
essentially to change the part of total gross output which 
is available to the local area.  Estimates of exports pan 
be specified for the study area sectors.  The range of 
estimates is 
0 < e. < x.. i=l,....,n.    (15) 
— l — l 
Unspecified estimates are assumed to be zero.  Estimates 
outside the range are set to the nearest limit.  The part 
of total gross output available for local use is x. - e. 
for sector i.  Hence, the transaction available matrix is 
redefined so that 
x.. = x. . *min [1, (x. -e . )/x. 1 i,j=l,....,n.  (16) ij    ij    L    I  i' iJ u      i i 
Locally produced final demand used locally is given by 
y| = ^y±~e^xi/x± i=1' 'n-    (17) 
The actual value of exports is given by 
e. = max(e.,x.-x.) i=l,....,n.    (18) 
Note that when e.=0, these equations reduce to those or- 
iginally used for estimating exports.  Also, if e.=x. the 
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local transactions disappear for sector i. 
ACIOMS has three separate subroutines used for study- 
ing the transaction matrix, the technical coefficient ma- 
trix, and the Leontief inverse matrix.  They are subrou- 
tines ,,SA2", "US", and "HH."  Subroutine "US" performs 
these studies for the United States.  Subroutine "SA2" per- 
forms them for the study area.  These two subroutines were 
similar enough in function so that "US" was dropped from 
NewPro, and "SA2" was used in its place.  In both versions, 
"HH" performs the studies with the households sector en- 
dogenous for the United States and for the study area. 
As ACIOMS was originally set up, data which affected 
the model was read in according to any of three sectoring 
schemes.  One was the twenty-one sector study area sector- 
ing scheme.  Data which was in either of the other two 
sectoring schemes had to be aggregated into study area 
sectors. 
It was decided that, in NewPro, the aggregation would 
be done before the model read it.  In ACIOMS, the model 
read the data in before aggregating it.  The aggregation 
of the original data did not allow much choice in aggrega- 
tion schemes. 
26 
CHAPTER 4 
DATA USED BY THE MODEL 
4.1  Sources of Data 
Both ACIOMS and NewPro use secondary data sources to 
approximate an input-output model for the local economy. 
The data which are needed in order to do a study are list- 
ed below.  These data come from several main sources. 
Seven sets of data come from the U.S. Commerce De- 
partment, Bureau of Economic Analysis.  These are 
(1) the U.S. direct technical coefficient matrix, 
(2) the U.S. total gross output, 
(3) the U.S. employee compensation coefficients, 
(4) the U.S. personal consumption coefficients, 
(5) the U.S. capital compensation coefficients, 
(6) the U.S. business taxes coefficients, and 
(7) the U.S. value added coefficients. 
This last set is the sum of the business taxes, capital 
compensation, and employee compensation coefficients. 
These data are available for an eighty-seven sector set 
for the year 1970.(7,8) 
Three sets of data are available from the 1970 Cen- 
(3) 
sus of Population.     Tne first data set is employment. 
Employment for the counties and for the United States is 
available in a thirty-nine census sector set.  The second 
data set is population.  The third data set is per capita 
income.  These two sets are available for states and for 
counties.  In the case of the City of Allentown, these data 
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were supplied by the city for the original ACIOMS project. 
Final demand data for the states are available from 
(9) 
the Harvard Economic Research Project.     The four cate- 
gories of final demand used by the program are (1) per- 
sonal consumption, (2) demand by the federal government, 
(3) demand by the state and local governments, and (4) 
capital consumption.  These data are available for the 
same eighty-seven sector scheme used by the Bureau of 
Economic Analysis. 
The data given in these sources are in terms of 1958 
dollars.  The output for the local study is in terms of 
1975 dollars.  The program multiplies 1958 dollars by 
1.81614 to find the equivalent number of 1975 dollars. 
This index, 1.81614, is the ratio of the 1975 consumer 
price index to the 1958 consumer price index.   ' 
4.2  Aggregation 
Before the data can be used by the model, they must 
be aggregated into a single sectoring scheme.  For conven- 
ience, this has been done prior to the execution of the 
program.  Transactions data are simply added.  So are em- 
ployment data.  Coefficients which are not already in 
final form are multiplied by the appropriate total gross 
output, added, and then divided by the appropriate total 
gross output.  Table 1 lists the sector names and the way 
in which they are aggregated. 
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CHAPTER 5 
COMPARISON OF TOTAL GROSS OUTPUT 
After the computer program was ready for use, it was 
necessary to do some testing of the model.  In order to 
test the model, certain results of the model were compared 
with published data for the area.  The next few chapters 
summarize this testing. 
The total gross output predicted by the model was 
compared with that measured for the 19 72 Census of Manu- 
(12) factures.      The estimates that the program makes are 
19 70 estimates.  Comparisons were made for three Standard 
Metropolitan Statistical Areas (SMSA's) and eleven of the 
twenty-one sectors which the model uses.  The three SMSA's 
are Philadelphia SMSA, Pa-N.J., Allentown-Bethlehem-Easton 
SMSA, Pa.-N.J., and Reading SMSA, Pa.  The definitions of 
these SMSA's are given in Table 2.  See Figure 1 for a map 
of the areas.  The eleven industrial sectors used are 
NewPro sectors 3 through 13, inclusive.  These are the 
manufacturing sectors.  The scheme for converting the SIC 
code, whicn is used in the Census of Manufactures, to 
NewPro sectors is shown in Table 1. 
Table 3 shows the total gross outputs for the three 
SMSA's from both sources.  The first two columns give the 
value of total gross output in 19 75 dollars for the NewPro 
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Standard Metropolitan 
Statistical Area 
Pennsylvania 
Counties 
New Jersey 
Counties 
Allentown-Bethlehem-Easton Carbon 
Lehigh 
Northampton 
Warren 
Philadelphia Bucks 
Chester 
Delaware 
Montgomery 
Philadelphia 
Burlington 
Camden 
Gloucester 
Reading Berks 
Source:  Census of Manufactures, 1972 
Table 2 - The Definitions of the Three Standard Metropoli- 
tan Statistical Areas Used in This Thesis 
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^ 
V. 
Reading 
SMSA 
/ 
Allentown- 
Bethlehem 
Easton 
SMSA 
Philadelphia 
SMSA 
Boundaries of SMSA's 
Pennsylvania State Line 
Boundaries of Counties within SMSA's 
H  50 Miles 
Source: U.S. Bureau of the Census, Census of Manufactures; 
1972, Area Series, Pennsylvania 
Figure 1 - A Nap of the Standard Metropolitan Statistical 
Areas Referred to in This Thesis 
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Sector NewPro Census Ratio SIC Codes 
NO. TGO TGO (2)/(3) Not Found 
SMSA (1) (2) (3) (4) (5) 
Allentown- 3 64.7 44.2 1.464 
Bethlehem- 4 1893.7 969.9 1.952 *19 
Easton 5 401.6 251.0 1.600 
6 629.4 420.7 1.496 
7 459.3 - - *37 
8 368.0 182.5 2.016 *39 
9 660.0 457.9 1.441 *0713 
10 1326.9 648.4 2.046 
11 174.7 110.5 1.581 
12 467.0 213.5 2.187 
13 656.1 260.0 2.523 *21, 29 
Philadelphia 3 409.1 471.0 0.869 
4 5391.0 3502.6 1.539 *19 
5 2946.7 1965.0 1.500 
6 3828.2 1959.5 1.954 
7 3154.4 1087.8 2.900 
8 2375.1 1655.9 1.434 
9 5298.9 3440.4 1.540 *0713 
10 3088.0 1833.6 1.684 
11 1576.3 1332.4 1.183 
12 5126.9 2685.8 1.909 
13 6149.6 4059.1 1. 515 *21, part 31 
Table 3 - Comparison of the Total Gross Output as 
Estimated by NewPro and as Measured by 
the Census of Manufactures for Three 
SMSA's and the Manufacturing Sectors 
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SMSA 
Reading 
Sector NewPro Census Ratio SIC Codes 
No. TGO TGO (2)/(3) Not Found 
(1) (2) (3) (4) (5) 
3 60.3 53.6 1.125 
4 649.2 594.2 1.093 *19 
5 223.1 133.8 1.667 
6 263.9 267.9 0.985 
7 229.4 190.3 1.205 
8 146.1 93.0 1.571 
9 569.9 221.0 2.568 *0713 
10 601.6 252.9 2.379 
11 50.3 42.8 1.175 
12 130.8 112.1 1.167 
13     427.0   144.6  2.956    *21, 29 
Columns 2 and 3 are in thousands of 1975 dollars.  Column 
5 shows those SIC codes which were not shown in the Census 
of Manufactures and, thus, were not included in column 3. 
Source of Column 3: 
Census of Manufactures.  1972 
Table 3 - Comparison of the Total Gross Output as 
Estimated by NewPro and as Measured by 
the Census of Manufactures for Three 
SMSA's and the Manufacturing Sectors 
(Part 2) 
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estimate and the census, respectively.  The third column 
gives the ratio of the NewPro estimate to the census value. 
5.1 Units 
The NewPro data is in terms of 1958 dollars.  This is 
converted into 19 75 dollars by the program for convenience 
in reading the output.  The census data were in terms of 
1972 dollars.  These have been converted to 1975 dollars 
by multiplying the data by 1.2552.  The source of this in- 
•  ^u • ^   (10,11)  mu dex is the consumer price index.        The conversion 
has been made so that the two estimates of total gross 
output would have consistent units. 
5.2 Discussion 
Note that there is no census entry for sector 7 
(Transportation Equipment) in the Allentown-Bethlehem- 
Easton SMSA.  The Census of Manufactures contains no data 
which would give information about individual firms. 
Thus, for certain SIC codes there are no entries for total 
gross output.  The sectors for which only partial data are 
available are shown by asterisks in Table 3.  For these 
sectors, the data for the SIC codes that are listed are 
added and shown. 
NewPro sector 4, Metal Industries, includes SIC code 
19, Ordnance.  However, SIC code 19 is not included in 
the 19 72 Census of Manufactures.  Hence, there may be a 
tendency for the census data to underestimate sector 4. 
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Table 4 shows certain statistics for the data shown 
in Table 3.  These statistics are derived by taking the 
mean and the standard deviation of the ratio of column 4 
of Table 3, the natural logarithm of that ratio, and the 
inverse of the ratio.  The natural logarithm was included 
because column 4 of Table 3 lists a ratio.  Some error is 
expected in both estimates of total gross output.  The 
mean of the ratio x/y is not the inverse of the mean of 
the ratio y/x.  However, the mean of the natural logarithm 
of x/y is zero minus the mean of the natural logarithm of 
y/x.  In any individual instance, the error in the natural 
logarithm of x/y is the error in the natural logarithm of 
x minus the error in the natural logarithm of y.  These 
means and standard deviations are found for all data 
values, for each SMSA, and for those data values not 
marked by asterisks. 
5.3  Sources of Error 
There are a number of possible reasons for the varia- 
tion between the estimate of total gross output and the 
measured value of total gross output.  As noted above, the 
total gross output for one sector because all the SIC 
codes are not listed for that area.  These sectors are 
marked by asterisks. 
An industry described by a given sector in a given 
study area may not be a scale model of the national sector, 
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Sectors included 
Ratio 
Area mean   s.d. 
All sectors included 
ABE 1.831  0.368 
Phila. 1.639  0.516 
Reading 1.626  0.690 
Overall 1.694  0.536 
Logarithm of Ratio 
mean exp(mean) s.d. 
Inverse of Ratio 
mean 1/mean s.d. 
0.5871 1.799 0.1957 
0.4522 1.572 0.3016 
0.4136 1.512 0.3878 
0.4811 1.618 0.3074 
0.565 1.769 0.107 
0.663 1.508 0.205 
0.704 1.421 0.238 
0.647 1.547 0.196 
Unstarred sectors only 
ABE 1.729 0.308 
Phila. 1.679 0.611 
Reading 1.409 0.455 
Overall   1.595  0.487 
0.5351 1.708 0.1705 
0.4620 1.587 0.3599 
0.3043 1.356 0.2864 
0.4246 1.529 0.2949 
0.593 1.688 0.096 
0.667 1.500 0.245 
0.762 1.312 0.193 
0.681 1.468 0.199 
This table shows the means and standard deviations of the ratio of 
column 4 of Table 3.  "Logarithm of Ratio" indicates the natural 
logarithm cf this ratio.  "Inverse of Ratio" indicates the quantity 
(1/ratio).  Means and standard deviations are found for each of 
these variables.  "Overall" indicates the overall averages. 
Table 4 - Certain Statistics from the Fourth Column of Table 3 
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The method of approximating total gross outputs assumes 
that the sectors are identical in employee output.  That 
is, a given level of employment will always give a certain 
level of total gross output for a given sector.  Hence, if 
a local sector does not resemble the national sector 
closely, the estimate may be extremely different from 
reality.  For instance, sector 10, Textiles, represents 
the total process of manufacturing fabrics and clothing. 
However, a given study area might contain only one part of 
the sector, such as the processing of wool. 
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CHAPTER 6 
COMPARING THE RESULTS OF NEWPRO WITH 
A PHILADELPHIA AREA STUDY 
After comparing the total gross output with census 
data, the next step in validation was to compare the final 
results of a NewPro model with another set of published 
results.  In an input-output model, an appropriate proce- 
dure would be to compare the Leontief inverse matrices. 
The Leontief inverse matrix gives the general case -for 
finding the change in total gross output resulting from 
any change in final demand.  It would also be reasonable 
to compare the resulting predicted total gross output 
changes for a given change in final demand.  The final de- 
mand change, the total gross output change, and the 
Leontief inverse matrix are related by 
Lf = x, (1) 
where f is a column vector giving the final demand change, 
x is a column vector giving the total gross output change, 
and L is the Leontief inverse matrix. 
6.1  Data Preparation 
The book, Regional Input-Output Study;  Recollections, 
Reflections, and Diverse Notes on the Philadelphia Experi- 
(4) 
ence   contains a chapter on the application of the ln- 
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verse matrix.  The matrix was used to study a hypothetical 
no Vietnam War situation in the Philadelphia SMSA, Pa.- 
N.J.  Two sets of final demand data were prepared.  These 
were the actual federal purchases for the year 1968, and 
the estimated federal purchases for that year if the Viet- 
nam War had not occurred.  The gives data for the esti- 
mates of total gross output given the estimate of final 
demand. 
The Philadelphia study used an aggregation scheme 
based on 4-digit SIC codes.  This is a much more detailed 
breakdown than is available with NewPro.  NewPro uses ap- 
proximately 2-digit SIC codes. 
In the Philadelphia study, the sectors are collected 
into major groups.  Table 5 shows the way these groups are 
aggregated into NewPro sectors.  Table 6 shows how those 
groups which were split were aggregated into NewPro sec- 
tors . 
6.2  Results 
Tables 7 and 8 show the comparative results for the 
two studies for the actual 1968 federal impact and the no 
Vietnam War situation respectively.  The explanation of the 
columns which is found on Table 7 applies to both tables. 
Unfortunately, the comparison between the two estimates 
does not indicate that there is any correlation at all. 
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Philadelphia Study Major Group NewPro Sector 
Agriculture, Forestries, and Fisheries 
Extractive Industries 
Construction 
Ordnance 
Food and Kindred 
Tobacco 
Textiles 
Apparel 
Lumber and Wood 
Furniture and Fixtures 
Paper and Allied 
Printing and Publishing 
Chemical and Allied 
Petroleum Refining 
Rubber and Plastics 
Leather 
Stone, Clay, and Glass 
Primary Metals 
Fabricated Metal Products 
Machinery 
Electrical Machinery 
Transportation Equipment 
Inst. and Scientific Equipment 
Miscellaneous Manufacturing 
Transportation Services 
Utilities and Communication 
Wholesale Trade 
Retail Trade 
Finance, Insurance, and Real Estate 
Services 
Local Government 
1 AGRI+MININ 
ii      ii 
2 CNSTRCTION 
4 METALPRDTS 
9 FOODPRDTS 
13 NONDURGOOD 
10 TEXTLPRDTS 
ii      ii 
3 WOODPRODTS 
II      II 
13 NONDURGOOD 
11 PRINTPRDTS 
12 CHMCLPRDTS 
13 NONDURGOOD 
8  OTHRDURGDS 
4 METALPRDTS 
II       II 
5 MCHNXCEPTE 
6 ELECTMCHNE 
7 TRANSEQUIP 
8 OTHRDURGDS 
II       II 
14  TRNSWHSESR 
divided 
17 WHLRETTRAD 
II      it 
18 FBRSERVICE 
divided 
omitted 
Those sectors which are divided are detailed in Table 6. 
Source for Philadelphia study sectors: 
Isard, Walter, and Langford, Thomas W., Regional Input- 
Output Study, 1971 
Table 5 - Aggregation Scheme for First Philadelphia Study 
Model into NewPro Sectors 
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Major Group 
Code Industry Name NewPro Sector 
Utilities and Communication 
4811 Telephone Communication 
4832 Radio Broadcasting 
4833 Television Broadcasting 
4890 Comm. Services, n.e.c. 
4911 Elect. Company, Systems 
4920 Gas Company, Systems 
4 941 Water Supply 
4990 Sanitary, Other Systems 
Services 
7200 Hotel, Pers., Repair Services 
7301 Bus. Services, Exc. Adv. 
7310 Advertising 
7400 Research, Development 
7500 Auto Repair, Service, Garage 
7900 Amusement, Rec. Service 
8061 Hospitals 
8090 Med., Health Service, n.e.c. 
8211 Elem., Second. Education 
8220 Inst. Higher Education 
8290 Other Educ. Inst., n.e.c. 
8486 Nonprofit Organizations, etc. 
8800 Private Household Services 
15  COMMUNICAT 
II it 
II II 
II H 
6 UTLITSANSR 
ii II 
H II 
n II 
20 OTHRPERSER 
18 FBRSERVICE 
II       II 
omitted 
18 FBRSERVICE 
21 RECSERVICE 
19 MDEDNONPFT 
This table shows details for those major groups of the 
Philadelphia study that are split in aggregating into 
NewPro sectors.  Codes are modified SIC codes used in 
Philadelphia study. 
Source for Philadelphia study data: 
Isard and Langford, Regional Input-Output Study, 1971 
Table 6 - Detail of Aggregation Scheme for Philadelphia 
Study Sectors to NewPro Sectors for Selected 
Major Groups 
41 
Final P.S. NewPro N. P. Imp. 
Sector Demand Impact Impact w. HH. 
1 1.610820 275.1 14.9 97.5 
2 32.658045 103.2 43.4 334.5 
3 5.112254 37.9 6.4 32.8 
4 41.587688 137.4 142.4 491.1 
5 47.264981 37.7 74.0 264.6 
6 118.762675 67.3 103.2 350.8 
7 54.330738 90.2 76.4 307.7 
8 19.386164 81.4 40.7 194.3 
9 36.628042 412.0 46.8 389.5 
10 34.628884 146.2 66.9 266.6 
11 37.427648 110.8 50.0 152.0 
12 18.222983 102.4 55.6 387.2 
13 16.981307 266.1 71.8 469.5 
14 85.454784 150.2 115.0 291.4 
15 10.577731 83.4 17.8 91.0 
16 29.546417 129.7 52.4 194.4 
17 2.083543 597.6 38.7 560.4 
18 22.816887 440.7 93.4 895.3 
19 5.944184 298.9 7.1 56.7 
20 5.357060 165.6 6.8 58.4 
21 .002162 25.7 .8 21.1 
All data are in millions of 1968 dollars.  "P.S. Impact" 
gives the impact of the final demand shown according to 
the Philadelphia study.  "NewPro Impact" gives the impact 
of the final demand shown with households excluded from 
the model according to NewPro.  "N.P. Imp. w. HH." shows 
the effects of including households according to the 
method given in section 6.4, according to NewPro. 
Source for final demand and Philadelphia Study impact: 
Isard and Langford, Regional Input-Output Study, 1971. 
Table 7 - Comparison of the Impacts of the 19 68 Actual 
Federal Spending on the Philadelphia SMSA 
According to NewPro and the Philadelphia Study 
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Final P.S. NewPro N.P. Imp. 
Sector Demand Impact Impact w. HH. 
1 .976446 29.7 5.9 33.5 
2 5.414474 8.5 9.1 109.8 
3 .792709 6.2 1.5 10.3 
4 18.188914 30.7 51.4 167.9 
5 13.680061 8.4 22.1 85.8 
6 46.060622 20.7 61.5 144.3 
7 9.802189 16.7 15.4 83.6 
8 6.351326 16.5 13.2 64.6 
9 19.014734 80.7 23.9 138.5 
10 21.664650 29.6 39.4 106.2 
11 11.406933 23.9 15.2 49.3 
12 7.548664 18.9 22.0 132.9 
13 3.276373 51.6 22.2 155.1 
14 41.765461 31.3 52.9 111.9 
15 .985357 15.8 3.5 28.0 
16 4.399630 23.4 10.9 58.4 
17 .275656 105.2 13.0 187.5 
18 2.219251 79.8 26.5 295.8 
19 .421361 29.6 .8 43.6 
20 .296658 29.7 .8 18.0 
21 .000750 4.5 .2 7.0 
All data in millions of 1968 dollars.  See Table 7 for 
notes. 
Source for final demand and Philadelphia Study impact: 
Isard and Langford, Regional Input-Output Study, 1971 
Table 8 - Comparison of Impact for Federal Spending in 
1968 No Vietnam War Situation on the Philadel- 
phia SMSA According to NewPro and the Philadel- 
phia Study 
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6.3 Discussion 
Because of the wide difference between the two sets 
of estimates for total spending, it is desirable to look 
for possible explanations for the differences.  Two major 
groups which were endogenous to the Philadelphia study 
were local government and households.  Local government 
was not included in the NewPro model that was used in this 
study.  The procedures which are used elsewhere for deriv- 
ing the local sectors from the national model are not as 
readily adaptable to the case of local government.  In- 
stead, local government was grouped with state government, 
and they were considered to be exogenous. 
In order to handle local government separately, it 
would have been necessary to use additional information, 
such as tax data, to construct a local government sector. 
This was not done. 
Households are handled differently from the other 
sectors in NewPro.  The Leontief inverse matrix which is 
used in calculating changes in total gross output does 
not include households.  However, an iterative procedure 
can be used to show the effects of households.  Two steps 
in this iterative procedure may be used in deriving the 
ultimate effect of households on the total gross output. 
6.4 Iterative Procedures for Households 
The iterative procedure which is used in NewPro for 
calculating the impact of the household sector is analogous 
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to the iterative procedure which uses the technical coef- 
ficient matrix.  This procedure is used because it allows 
the model to limit the population growth of the area.  In- 
cluding the household sector in the inverse matrix would 
have required that no limits be put on growth. 
In preparing the results used in this section, it was 
desirable to calculate the net effect of households with- 
out changing the program.  The procedure used in calculat- 
ing the effect of households is analogous to the Leontief 
inverse matrix.  The formula is 
x± = d± + x|1) + (Xjf2) + x|3))/(l-k) , i=l, ,n.  (2) 
where x. is the total gross output for sector i, d. is the 
direct spending, final demand, on sector i, x.   is the 
indirect spending on sector i, i.e. the result of the 
(2) Leontief matrix, x.   is the spending on sector 1 xnduced 
by the employee compensation from x.  , and x.   is the 
spending on sector i induced by the employee compensation 
included in final demand. 
The constant, k, is the ratio of the population 
change resulting from the first iteration to the population 
change resulting from the second iteration.  Population 
change is used because the model assumes that spending by 
households is dependent on population.  The population 
changes and all the values used in equation 2 are obtained 
easily from the computer printout. 
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6.5  Comments on Excluding Sectors and Changing the Ag- 
gregation Scheme 
A NewPro sector contains many different industries. 
It had been hoped that there would be enough similarities 
between the industries in a sector that the results of the 
Philadelphia study would be comparable with the results of 
NewPro.  Unfortunately, the results of the two studies 
were very dissimilar. 
The exclusion of the local government sector from 
the NewPro study should have caused differences between 
the two sets of results.  The exclusion of one sector 
could affect the size of the resulting total gross output. 
Note the size of the effect of households in Tables 7 and 
8. 
The fact that the Philadelphia study has a much finer 
detail than NewPro may have been responsible for some of 
the differences.  As an example of how this might occur, 
consider NewPro sector 19, Medical and Educational Services 
and Non-profit Organizations.  This sector contains a 
wide variety of institutions, such as hospitals and church- 
es.  As long as spending on each of these institutions is 
increased proportionately, this sector should be a good 
representation of reality.  If the income of a given 
church were increased, the model would treat it as if part 
went to hospitals, part went to schools, and so on.  The 
expenses of a church might be assumed to be widely differ- 
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ent from those of a hospital or a school. 
The effect of changing the sectoring scheme can be 
quite dramatic.  Adding a sector, such as households, will 
increase many of the entries in the Leontief inverse ma- 
trix.  This statement is easily verified by considering 
the direct coefficient matrix. 
Each of the terms in the direct coefficient matrix, 
a.., is a non-negative number less than 1. The terms of 
the square of the direct coefficient matrix are 
(2) 
a.. =a.,an .+a.„a„.+ ... +a. a .,    i , j = l,....,n.  (3) ij        ll lj      i2 2]        in nj       J 
The terms of the m+lst power of the direct coefficient 
matrix are 
(m+1)  (m)   , (m)    ,     , (m)     . . ,        ... 
a..   = a.. a, .+a. ' a~. + ... +a.  a ., I,j=l,....,n. (4) ij ll lj     i2 2j in  nj 
where m>_2. Suppose that the size of a matrix is increased 
from n-1 to n by adding a sector. Each term of the exist- 
ing Leontief inverse matrix is increased by 
If. - 1.. = a. a . + o(3),        i,j=l,....,n-l, (5) 
xj 13    m n] J 
where 1!. is the revised Leontief inverse matrix, 1.. is 
the original Leontief inverse matrix, and o(3) is the sum 
of all third order and higher order terms.  Of course, a 
new row is added to the Leontief inverse matrix as well. 
Note that all the terms on the right hand side of the equa- 
tion must be positive.  Hence, by adding a sector, the 
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total gross output change resulting from a given final de- 
mand change could be increased in every sector.  If any 
given sector is not a good representation of reality, the 
inclusion of that sector in the Leontief inverse matrix 
could lead to some very bad results. 
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CHAPTER 7 
COMPARISON OF TWO TRANSACTION MATRICES 
No correlation between the two studies was found when 
comparing the effects of two sets of final demand changes. 
Comparing the matrices used in the two studies might yield 
useful information.  Unfortunately, none of these matrices 
(4) 
are shown in Regional Input-Output Study. 
The Philadelphia study is also referred to in Intro- 
(5) duction to Regional Science.    This book shows a trans- 
action matrix of the Philadelphia SMSA, Pa.-N.J.  The ma- 
trix has 42 endogenous sectors.  It is not as detailed as 
the one used in Regional Input-Output Study.  The same 
data were used for both Philadelphia study matrices. 
In the interests of saving space, the transaction 
matrices are not listed here.  The Philadelphia study ma- 
trix was reduced to NewPro sectors before it was used. 
The aggregation scheme used is similar to that shown in 
Tables 5 and 6. 
Table 9 shows the total gross output for both models. 
Columns 1 and 2 list the total gross outputs for the Phil- 
adelphia study and for NewPro, respectively.  Column 3 
lists the ratio of column 2 to column 1.  The units for 
this table are millions of 1975 dollars.  The Philadelphia 
Study data were originally in 1968 dollars.  The 19 68 dol- 
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Sector P. S. TGO NewPro TGO (2)/(l) 
(1) (2) (3) 
1 305 1277 4.19 
2 2998 4656 1.55 
3 367 409 1.11 
4 3476 5391 1.55 
5 2104 2947 1.40 
6 2286 3828 1.67 
7 1733 3154 1.82 
8 1520 2375 1.56 
9 3904 5299 1.36 
10 2145 3088 1.44 
11 1171 1576 1.35 
12 2921 5127 1.76 
13 4387 6150 1.40 
14 1852 2728 1.47 
15 891 1132 1.27 
16 867 2197 2.54 
17 5975 8068 1.35 
18 5694 12456 2.19 
19 3129 1998 0.64 
20 827 798 0.96 
21 225 312 1.39 
Data in millions of 1975 dollars.  Column 1 is 
Philadelphia study TGO.  Column 2 is NewPro estimate 
of TGO.  Column 3 is the ratio of column 2 to column 
1. 
Source for column 1: 
Isard, Introduction to Regional Science, 1975 
Table 9 - NewPro and Philadelphia Study Estimates for 
the Total Gross Output for the Philadelphia 
SMSA 
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lars have been converted to 1975 dollars by multiplying by 
1.510.  This index is derived from the consumer price 
■ ,   (10,11) index. 
In order to obtain statistics for these two sets of 
total gross outputs, the mean and standard deviation of 
the natural logarithms of column 3 were found.  The natur- 
al logarithm was used because column 3 is a ratio.  The 
mean of x/y is not the inverse of the mean of y/x.  On the 
other hand the mean of In (x/y) is zero minus the mean of 
In (y/x).  The mean of the natural logarithm of column 3 
is 0.413 = In (1.51).  The standard deviation is 0.364. 
In the next chapter, two subsets of the sectors of 
this model will be introduced.  A sixteen sector set will 
be introduced which includes all sectors except sectors 
1, 2, 14, 16, and 17.  For this set of sectors, the mean 
of the natural logarithm of column 3 is 0.323=ln (1.38). 
The standard deviation is 0.2 82. 
The other subset of sectors includes all sectors 3 
through 13, inclusive.  The mean of the natural logarithm 
of column 3 for these sectors is 0.392=ln (1.47).  The 
standard deviation is 0.141. 
Table 10 shows these and other statistics for column 
3 of Table 9.  Note that for the eleven sector set the 
value of the mean of column 3, the inverse of the mean of 
the inverse of column 3, and the exponential of the mean 
of the natural logarithm of column 3 are all very close to 
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Set 
of Sectors 
Ratio 
mean s.d. 
Log. 
mean 
of Ratio 
e.m. s.d. 
Inv. of Ratio 
mean i.m. s.d. 
21 sector set 1.62 0.71 0.413 1.51 0.364 0.703 1.42 0.259 
16 sector set 1.43 0.36 0.323 1.38 0.282 0.754 1.33 0.256 
11 sector set 1.49 0.21 0.392 1.47 0.141 0.682 1.47 0.098 
E.m. is short for exp(mean), i.m. is short for 1/mean. 
Table 10 - Statistics for the Ratio Found in Column 3 of 
Table 9 
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to the same value.  The interpretation of these results 
will be discussed later. 
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CHAPTER 8 
REGRESSION ANALYSIS AND CORRELATION COEFFICIENTS 
FOR SIXTEEN AND ELEVEN SECTOR MODELS 
From a visual comparison of the two transaction ma- 
trices, it is obvious that some elements of the NewPro 
matrix are bad approximations of the Philadelphia study 
matrix.  Hence, it is desirable to choose a subset of the 
twenty-one sector set for which the NewPro model is a 
better approximation of reality.  It is assumed that the 
Philadelphia model is a better approximation of reality 
than the NewPro model.  Regression analysis and correla- 
tion coefficients are used to get a better subset of the 
existing set of sectors. 
8.1  Justification for Getting a Smaller Model 
All local sectors in a NewPro model are derived from 
national sectors.  The same method is used for each of the 
sectors.  This method will provide better results for some 
sectors than for others. 
There are several possible reasons why the approxima- 
tion for a given sector may be bad.  The national sector 
may cover too many industries.  The local sector could be 
dominated by a single industry.  Even if a single industry 
does not dominate a sector, the relative importance of in- 
dustries within the sector may be different from that in 
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the national sector. 
In the case of the Philadelphia study and the NewPro 
model for the same area, visual inspection showed some ob- 
vious differences between the two models.  Table 11 shows 
a comparison of a column from the transaction matrix of 
each model.  Sector 2, Construction, was chosen because it 
has an obvious bad point.  Note the second entry in column 
2.  This is high for the Philadelphia study matrix but 
zero for the NewPro matrix.  Actually, the zero entry in 
the NewPro matrix does not indicate that transactions are 
zero.  It indicates that transactions are less than 
500,000 dollars. 
Visual inspection is not necessarily the best way to 
pick which sectors are the bad ones.  It is desirable to 
eliminate the worst sectors and keep the best.  Correla- 
tion coefficients were used to pick which NewPro sectors 
best approximated the Philadelphia study sectors. 
8.2  Method 
The linear correlation coefficient was found for each 
column in the transaction matrix.   Each element of the 
column was treated as one observation.  Each column was 
treated as a variable.  The coefficient found was that be- 
tween the corresponding columns of the transaction matrices 
The Lehigh Amalgamated Package for Statistics was used 
for this purpose. 
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Phila. 
Sector Study NewPro 
1 2 20 
2 782 0 
3 115 142 
4 205 734 
5 51 76 
6 88 134 
7 0 0 
8 216 382 
9 0 1 
10 0 0 
11 6 1 
12 45 81 
- 13 33 152 
14 0 146 
15 8 9 
16 3 15 
17 0 399 
18 154 300 
19 0 5 
20 0 0 
21 0 0 
Table 11 - Column 2 of the NewPro 
Transaction Matrix Com- 
pared with the Philadel- 
phia Study in Millions of 
1975 Dollars 
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The same procedure was repeated for the rows of the 
matrix.  The correlation coefficients from both procedures 
are found in Table 12.  When either coefficient for a 
sector fell below 0.6, that sector was eliminated.  This 
gave a sixteen sector matrix in which sectors 1, 2, 14, 
16, and 17 were omitted.  Sector 22, households, was omit- 
ted because of the different way in which the household 
sector was derived in NewPro. 
Linear correlation coefficients were used to elimin- 
ate sectors, because it was thought that they gave a good 
estimate of whether two sectors were alike.  The relative 
size of the entries in the corresponding columns was not 
as important as the relative size of two entries in the 
same column.  That is, it makes no difference if the en- 
tries in one column of matrix A are ten times the size of 
the corresponding entries in matrix B.  The two columns 
should be proportional to each other. 
When the procedure was repeated ignoring the sectors 
which were omitted, in only one sector, sector 3, did the 
correlation coefficient fall below 0.6 for the row.  In no 
case did the correlation for columns fall below 0.6. 
Those sectors which had been omitted all had correlations 
for rows or columns below 0.6.  See Table 13. 
The manufacturing sectors, as a group, have the best 
correlations. These are sectors 3 through 13, inclusive. 
One of the subsets of the model that was studied was the 
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Sector Column ROW 
1 .5706 .8499 
2 .1656 -.0284 
3 .7621 .8986 
4 .9898 .9137 
5 .8273 .7905 
6 .9621 .9826 
7 .7777 .9869 
8 .8293 .9626 
9 .9594 .9965 
10 .9877 .9882 
11 .9286 .9702 
12 .9763 .9893 
13 .9444 .9432 
14 .9025 .3510 
15 .7940 .9617 
16 .0752 .3702 
17 .9645 .1772 
18 .9363 .8839 
19 .7127 .7918 
20 .8572 .6677 
21 .9547 .9804 
Table 12 - Correlation Coeffi- 
cients for the Two 
Transaction Matrices, 
for Rows and Columns 
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Sector Column ROW 
3 0.8471 0.5399 
4 0.9954 0.9280 
5 0.8334 0.7876 
6 0.9754 0.9912 
7 0.7732 0.9875 
8 0.9100 0.8699 
9 0.9924 0.9984 
10 0.9915 0.9978 
11 0.9307 0.9922 
12 0.9848 0.9209 
13 0.9905 0.9484 
15 0.7970 0.9988 
18 0.9671 0.9209 
19 0.7186 0.8044 
20 0.9505 0.98 02 
21 0.9550 0.9802 
Table 13 - Correlation Coeffi- 
cients for the 16 
Sector Transaction 
Matrix for Rows and 
Columns 
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set of the manufacturing sectors. 
Choosing an optimal sectoring scheme was not the sub- 
ject of the procedure.  The NewPro model was improved upon 
by eliminating selected sectors.  The different models 
could be compared. 
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CHAPTER 9 
THE TECHNICAL COEFFICIENT MATRICES, LEONTIEF INVERSE 
MATRICES, AND OUTPUT MULTIPLIERS FOR THE 11, 16, 
AND 21 SECTOR MODELS 
9.1 Method of Comparison 
The technical coefficient matrices were derived for 
the 21 sector set for the Philadelphia study and the New- 
Pro study.   These matrices contain the 16 sector and the 
11 sector matrices.  In order to compare the technical 
coefficient matrices, the difference between each of the 
3 pairs was found.  Table 14 shows a histogram for the 
differences in the 21 sector technical coefficient matrices. 
For each of the 6 models, from the two studies and 
three sectoring schemes, the Leontief inverse matrix was 
found.  These matrices are easily derived from the tech- 
nical coefficient matrices.  As with the technical coeffi- 
cient matrices, the differences between the matrices from 
the two studies was taken.  Tables 15, 16, and 17 show the 
means and standard deviations of the differences for the 
rows and columns of the 21, 16, and 11 sector matrices, 
respectively.  Table 18 shows the number of times these oc- 
currences fell in given ranges for each sectoring scheme. 
Table 19 compares the overall statistics for the differences 
The Lehigh Amalgamated Package for Statistics (LEAPS) was 
used to simplify the comparison of the different models. 
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Range 
Min        max      Occurrences 
-1.000 -0.109 5 
-0.109 -0.071 3 
-0.071 -0.033 10 
-0.033 0.005 309 
0.005 0.043 105 
0.043 0.081 15 
0.081 D.119 9 
0.119 1.000 6 
Table 14 - Histogram for the Size 
of Elements in the New- 
Pro D.C. Matrix Less the 
Philadelphia Study D.C. 
Matrix 
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Column Row 
Sector mean s.d. mean s.d. 
1 -0.0132 0.0900 -0.0172 0.0930 
2 0.0015 0.0872 -0.0144 0.9767 
3 0.0051 0.0411 -0.0057 0.0104 
4 0.0287 0.0475 0.0171 0.0666 
5 0.0181 0.0325 0.0116 0.0297 
6 0.0176 0.0263 0.0023 0.0233 
7 0.0280 0.0508 0.0177 0.0483 
8 0.0163 0.0242 0.0090 0.0107 
9 -0.0091 0.0567 -0.0118 0.0400 
10 0.0332 0.0630 0.0213 0.0552 
11 0.0180 0.0276 0.0058 0.0210 
12 0.0265 0.0425 0.0327 0.0474 
13 0.0213 0.0255 0.0221 0.0335 
14 0.0063 0.0172 0.0315 0.0265 
15 0.0031 0.0111 0.0013 0.0042 
16 -0.0012 0.0568 0.0232 0.0469 
17 0.0094 0.0237 0.0497 0.0219 
18 0.0154 0.0226 0.0585 0.0364 
19 0.0159 0.0255 0.0008 0.0052 
20 0.0093 0.0179 0.0008 0.0039 
21 0.0065 0.0255 -0.0004 0.0078 
Overall 0.0122 0.0450 
Table 15 - Means and Standard Deviations for tne Rows and 
Columns of the Differences of the 21 Sector 
Leontief Inverse Matrices (NewPro - Phila- 
delphia Study) 
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Column Row 
Sector mean s.d. mean s.d. 
3 -0.0063 0.0408 -0.0047 0.0104 
4 0.0249 0.0533 0.0136 0.0714 
5 0.0148 0.0343 0.01,37 0.0336 
6 0.0131 0.0242 0.0080 0.0141 
7 0.0267 0.0559 0.0204 0.0550 
8 0.0102 0.0197 0.0106 0.0102 
9 -0.0079 0.0379 -0.0091 0.0371 
10 0.0331 0.0719 0.0275 0.0617 
11 0.0147 0.0283 0.0062 0.0239 
12 0.0229 0.0467 0.0388 - 0.0517 
13 0.0139 0.0223 0.0243 0.0282 
15 0.0040 0.0112 0.0012 0.0029 
18 0.0106 0.0218 0.0468 0.0302 
19 0.0119 0.0282 0.0002 0.0060 
20 0.0073 0.0128 0.0015 0.0038 
21 0.0045 0.0272 -0.0013 0.0089 
Overall 0.012 3 0.0375 
Table 16 - Means and Standard Deviations for the Rows and 
Columns of the Differences of the 16 Sector 
Leontief Inverse Matrices (NewPro - Philadel- 
phia Study) 
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Column ROW 
Sector mean s .d. mean s.d. 
3 -0.0104 0.0489 -0.0059 0.0125 
4 0.0329 0.0607 0.0181 0.0864 
5 0.0717 0.0400 0.0194 0.0393 
6 0.0133 0.0260 0.0058 0.0149 
7 0.0321 0.0668 0.0275 0.0660 
8 0.0108 0.0212 0.0140 0.0090 
9 -0.0122 0.0458 -0.0144 0.0443 
10 0.0440 0.0824 0.0354 0.0737 
'11 0.0125 0.0261 0.0057 0.0272 
12 0.0289 0.0554 0.0491 0.0582 
13 0.0173 0.0255 0.0315 0.0291 
Overall 0.0169 0.0500 
Table 17 - Means and Standard Deviations for the Rows and 
Columns of the Differences of the 11 Sector 
Leontief Inverse Matrices (NewPro-Philadelphia 
Study) 
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Range    /21 sec. set  /16 sec. sec  /ll sec. set 
min max /overall/diag./overall/diag./overall/diag, 
-  co   -.1228 5 3 2 1 2 1 
-.1228 -.0778 2 0 0 0 0 0 
-.0778 -.0328 5 2 1 1 0 0 
-.0328 +.0122 288 4 183 4 74 2 
+.0122 +.0572 109 3 57 2 34 1 
+.0572 +.1022 20 2 0 3 5 2 
+.1022 +.1472 6 2 2 1 1 1 
+.1472 +  « 6 5 5 4 5 4 
Table 18 - Histogram for the Difference between the 
Leontief Inverse Matrices (NewPro - Phila- 
delphia Study) 
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Set of 
Sectors 
Overall 
mean      s.d. 
Diagonal 
mean      s.d. 
21 Sector set 0.0122 0.0450 0.0256 0.1697 
16 Sector set 0.0123 0.0375 0.0689 0.1104 
11 Sector set     0.0169     0.0500     0.0895     0.1256 
Table 19 - Means and Standard Deviations for the Differ- 
ences Between the Leontief Inverse Matrices 
(NewPro - Philadelphia study) for Each Set of 
Sectors, Both Overall And Along the Diagonal 
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Set of Sectors NewPro Model   Phila. Study   Difference 
mean   s.d.    mean   s.d.    mean   s.d. 
21 sector set 1.8053 0.2848 1.5495 0.2176 0.2558 0.2547 
16 sector set 1.6546 0.2561 1.4574 0.1623 0.1973 0.1758 
11 sector set  1.6534 0.2136  1.4671 0.1098  0.1863 0.1913 
Table 20 - Statistics for the Output Multipliers for the 
Two Studies and Three Sets of Sectors 
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between the 3 models with the statistics along the diagonal 
only.  Table 20 considers the output multipliers for the 
3 models. 
9.2  Comments and Summary 
In each of the statistics discussed in the previous 
section, the mean of the differences would indicate that 
the NewPro model overestimates the effects of interaction. 
This assumes that the Philadelphia study model is a better 
approximation of reality.  NewPro would be expected to 
over-estimate interactions.  In fact, the model assumes 
that exports and imports are as low as possible, and that 
interactions are as high as possible. 
For each of the sets of statistics, the standard de- 
viation is the lowest for the 16 sector model and the 
highest for the 21 sector model.  This is not true for the 
total gross outputs shown in Table 9.  Here the standard 
deviation is the lowest for the 11 sector set and highest 
for the 21 sector set for each of the statistics as shown 
in Table 10.  Looking at the 16 and 11 sector models, the 
output multipliers are too high by about one-fifth the size 
of final demand.  The standard deviation is about the 
same. 
The standard deviations are the lowest for the sixteen 
sector models, except for total gross output.  From the 
point of view of a user performing an impact analysis, the 
total gross output matters less than the other statistics. 
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This indicates that the 16 sector model is better than the 
other two models. The 21 sector model is the worst of the 
three.  This is as was expected. 
For each of the three sets of sectors, there is a 
definite correlation between the two models.  This is 
somewhat surprising, because no correlation was evident 
when the final demand impacts were compared in chapter 6. 
One possible explanation is that in the aggregation of the 
data into the 21 sector scheme, enough unlike sectors 
were aggregated to change the results significantly.  It 
is also possible that if enough final demand studies had 
been done with the two models, correlations would have be- 
come evident.  As it was, there were not enough data to 
notice any correlations unless the matrices were extremely 
close. 
9.3  Separation of Diagnonal Elements. 
The differences between the diagnonal elements are 
generally larger than the differences between the off- 
diagonal elements.  Both the means and the standard devia- 
tions are larger for the diagonal elements.  The reason is 
that, for the matrices used in this study, the diagonal 
elements of a transaction matrix or of a technical coeffi- 
cient matrix are larger than the off-diagonal elements, in 
most cases. 
When the error in an estimate is measured in absolute 
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terms, the error would be expected to increase with the 
size of the element.  On the other hand, the percentage 
error would be larger for the smaller elements of the ma- 
trix.  This is because of the round-off error. 
Absolute errors were considered, because they are of 
more interest than the relative errors.  The effect of an 
error on the total gross is better expressed in absolute 
terms.  For instance, if an element is off by 0.1 in the 
Leontief matrix, a final demand of one million dollars 
will cause the final demand to be off by one hundred thou- 
sand dollars.  Since the total gross output is the sum of 
the impact of the final demand for all sectors, an error 
of 0.1 in one element of the Leontief matrix causes the 
same final demand regardless of the size of the element. 
The goal is to minimize the error in the impact of final 
demand. 
9.4  Discussion of Results 
There is a correlation between the results of the 
Philadelphia study and the results of the NewPro study of 
the Philadelphia SMSA.  The correlation is shown by the 
results of this chapter and the last chapter.  Hence, if 
the Philadelphia study is accepted as approximating the 
economy of Philadelphia, the NewPro model also approxi- 
mates that economy. 
For this study, the sixteen sector model was better 
than either the eleven sector or the twenty-one sector 
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model.  However, it should not be assumed that the sixteen 
sector model is the best possible model.  It should not be 
assumed that the sixteen sector scheme is a good one for 
all study areas.  This will depend on the characteristics 
of the local sectors. 
One sector which was dropped from the sixteen sector 
model was sector 1.  This is the agriculture and mining 
sector.  This sector combines many unlike industries 
which produce raw material.  This sector should probably 
be dropped or divided in most studies. 
In Stipe's original work, the agriculture and mining 
(fi 7) 
sector was divided into seven different sectors.  '    This 
division was dropped when ACIOMS was developed.  This 
sector is less important to urban areas.  Also, the data 
used in dividing the sector into seven sectors came from 
other sources.  In Stipe's study, these data came from 
Ohio state sources. 
In sector 2, Construction, the element representing 
purchases by construction firms from construction firms in 
the transaction matrix was estimated to be less than 
$500,000.  The estimate in the Philadelphia study matrix 
was the largest entry in that column.  Clearly, the con- 
struction sector in the Philadelphia SMSA is very different 
from the national sector. 
In general, if a local sector is like the national 
sector, the NewPro model gives a good approximation of 
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that sector.  If the local sector is very different from 
the national sector, the NewPro model is not a good model 
of the local area.  The sectors which are bad must be 
excluded from the model or approximated by some other 
means. 
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CHAPTER 10 
GENERAL CONCLUSIONS 
The NewPro model seems to give a fair approximation 
of the economy of the Philadelphia area.  The output multi- 
plier gives the increase in total spending resulting from 
an increase in final demand.  NewPro overestimates the 
output multipliers by 0.26 on the average, for the 21 sec- 
tor model.  The standard deviation is 0.25 in this case. 
For the 16 sector model the output multiplier is overes- 
timated by 0.20 on the average.  The standard deviation is 
0.18.  The Philadelphia study is assumed to be reality 
for purposes of these estimates. 
The NewPro approximation for certain local sectors 
is much worse than for others.  The NewPro approximation 
for local sectors is bad for those sectors in which the 
local sector is not similar to the national sector.  The 
NewPro model can be improved greatly when the local sec- 
tors which are not like the national sectors can be identi- 
fied.  These sectors can either be removed from the model 
or modelled by some other method. 
An impact analysis was done in the Philadelphia study. 
There seems to be no relation between these results and a 
similar analysis done by NewPro for the same area.  Cor- 
relations were observed when the Philadelphia study was 
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reaggregated into the 21 NewPro sectors.  Even if NewPro 
gave a perfect representation of the local area, given its 
sectoring scheme, the results of a given analysis would 
not necessarily be the same as those of a more detailed 
model. 
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Chapter 11 
SUGGESTIONS FOR FUTURE RESEARCH 
A more detailed model could be developed.  National 
data are available in much more detailed form than the 21 
sector model which is used in this study.  It would be 
necessary to find local data which could be |ised to esti- 
( 
mate total gross output.  Possibly such data are available 
I •       . 
at a municipal government level.  Possibly, surveys can be 
used to determine total gross output more easily than they 
could be used to determine a transaction matrix.  A more 
detailed model should give a better approximation of a 
local area... 
One drawback of the NewPro model, as it was used in 
this study, is that exports are assumed to be as low as 
possible.  The question of how exports might be estimated 
should be investigated.  If a survey were used to deter- 
mine levels of total gross output, perhaps it could be 
used to estimate exports, as well. 
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APPENDIX 
SYMBOLS USED IN EQUATIONS 
Mathematical symbols are used in equations through- 
out this thesis.  For convenience, these symbols are de- 
fined in this appendix.  They are listed below in alpha- 
betical order.  The following subscripts are used in this 
appendix: 
h - counties in a given state; 
i,j - industrial sectors; 
k - states of the United States; 
1 - categories of final demand; 
m - categories of final payments. 
The following superscripts are used in this appendix: 
b - base matrix; 
c - county data; 
s - state data; 
u - United States data. 
The mathematical symbols used in this thesis are: 
a.. A       - direct coefficient matrix, technical in J
' coefficient matrix; 
a^.  Ab     - direct coefficient matrix for the base ■*' economy (U.S. matrix); 
a.. - element of the matrix A ; 
13 
s 
:ik 
. . C;U - capital consumption in state k and 
in industrial sector i; 
d - total demand caused by the final de- 
mand, including the final demand; 
d  d., ....  - demand caused by the Oth, 1st, 2nd,... 
' iteration  using the technical coeffi- 
cient matrix; 
e., e       - exports; 
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e. - estimate of exports; 
Emp.,,      - employment in industrial sector 1 and ink 
'ik 
1 
1 
county h of state k; 
g 
Emp..       - employment in industrial sector i and 
state k; 
Emp.        - employment in industrial sector i and 
the United States; 
f.,f       - final demand; 
f. - locally used final demand; 
f! - the part of final demand satisfied by 
local production; 
* fA - the part of final demand that is 
imported; 
f.,, F     - final demand by categories; 
g., - federal government final demand in 
industrial sector i and state k; 
I - the identity matrix; 
k - the ratio of population increase from 
the second iteration to population 
increase from the first iteration for 
the iterative procedure used to study 
the effects of households on the im- 
pact analysis; 
1.., L     - the Leontief inverse matrix; 
ID 
m. , m      - the import row; 
m. . , M     - the import matrix; 
o./ o      - the government and capital consumption 
final demand; 
o., - the government and capital consump- 
tion final demand for the part of the 
study area in state k; 
p., p      - personal consumption; 
p. - personal consumption for the part of 
the study area in state k; 
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s   s p., p>lr     - personal consumption for a state; 
Q 
PCI,        - per capita income in county h when n 
'hk 
'h 
'hk 
D
°
r
'k 
*ik 
x 
only one state is under consideration; 
c 
PCI,,       - per capita income in county h of 
state k; 
s   s PCI /PCI,   - per capita income for a state; 
Poph       - populatxon xn county h when only one 
state is under consideration; 
Pop, ,       - populatxon xn county h of state k; 
s   s Pop , Pop,   - population of a state; 
s_ ,s_ ,. . . .     - sales caused by the Oth, 1st, 2nd, ... 
iteration using the technical coef- 
ficient matrix; 
cj 
s^v        - state and local government final de- 
mand for industrial sector i in state 
k; 
v ., V - final payments by categories; 
v., v - final payments; 
w ., W - value added coefficients by categories; 
w., w - value added coefficients (overall); 
x., x - total gross output,total gross outlay; 
x. - total gross output required; 
x.., X - transaction matrix; 
x•., X - transactions required matrix; 
x. ,, , - total gross output for the part of 
the study area in state k; 
x. - total gross output for the United 
States; 
x. - indirect spending resulting from the 
use of the Leontief inverse matrix 
without households and final demand; 
81 
(2) 
i x; '        - indirect spending resulting from the 
increase in demand due to personal 
consumption, 1st iteration; 
(3) 
x. - indirect spending resulting from the 
increase in demand due to an increase 
in final demand for labor. 
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